Background: Studies have shown that the excessive fructose intake may induce adverse metabolic effects. There is no direct evidence from epidemiological studies to clarify the association between usual amounts of fructose intake and the metabolic syndrome.
Introduction
Fructose is the sweetest tasting carbohydrate, found in many fruits and vegetables. In the past, dietary intake of fructose was used to be 16-20 grams per day, mainly from fresh fruits and vegetables. But in the last three decades, increased consumption of industrialized foods such as soft drinks, fruit juices, bakery products, canned fruits, jams, jellies and cookies, containing added sugars (sucrose, high fructose corn syrup, honey, molasses, and other syrups) has resulted in a significant increase in fructose intakes of 85-100 grams per day [1, 2] . Recent data suggest parallel increasing trends in fructose intake and the increase in obesity and type 2 diabetes in the last 35 years [3, 4] . Reports confirmed by animal and human clinical studies, indicating that the excessive fructose intakes induce adverse metabolic effects [5] [6] [7] [8] [9] [10] ; however there is no direct evidence from epidemiological studies to clarify the association between current amounts of dietary fructose intake and the metabolic syndrome components. Metabolic syndrome (MetS), a worldwide epidemic health problem, is characterized by central obesity, hypertension, insulin resistance, and lipid profiles abnormalities [11] . The prevalence of MetS in Iranian adults is reported to be one of the highest worldwide, with a rate of 33.7% [12, 13] .
Considering the lack of data on dietary fructose intake in Iranian adults, the aim of this cross sectional study was to assess dietary intakes of fructose and to investigate the association between fructose intake and prevalence of MetS risk factors, in a sample selected from the Tehran Lipid and Glucose Study.
Methods

Participants
Data were obtained from subjects of the Tehran Lipid and Glucose Study (TLGS) between [2006] [2007] [2008] . Details of the Tehran Lipid and Glucose Study have been reported elsewhere [14, 15] . Briefly, TLGS is a community-based prospective study conducted to investigate and prevent noncommunicable diseases, in a representative sample of residents, aged ≥ 3y, from district 13 of Tehran, the capital of Iran. The first phase of the TLGS began in March 1999 and data collection, at three-year intervals, is ongoing [15] . From 12 523 subjects, aged ≥ 3 years, in [2006] [2007] [2008] 4920 were randomly selected for dietary assessment, based on age and sex categorization, and 3462 (70 percent) completed the dietary assessment [16] . Of these, 2799 men and women aged 19-70 y, were recruited for this study. Subjects with under-or over reporting of dietary intakes (less than 800 kcal/d or more than 4200 kcal/d, respectively) were excluded. Finally, the data of 2537 adults (1141men and 1396 women) were analyzed.
Dietary intake assessment and fructose intake estimation
Dietary data were collected by using a validated semiquantitative food frequency questionnaire (FFQ) with 168 food items, based on consumption frequency for each food item during the past year, on a daily, weekly or monthly basis [17] . Since the Iranian Food composition Table (FCT) , with limited data on nutrient content of raw foods and beverages, is incomplete, the U.S Department of Agriculture (USDA) FCT was used to calculate energy and nutrient intakes [18] . However the Iranian FCT was used for some national foods that are not listed in the USDA FCT [19] . Dietary intakes of naturally-occurring fructose from fructose-containing food such as fruits, vegetables, honey, etc, were defined as "natural fructose (NF)" and were calculated using the USDA FCT. Dietary simple carbohydrates was defined as total intakes of disaccharides (sucrose, galactose, lactose), monosaccharides (fructose, glucose, maltose), and the content of added sugar in industrialized foods. Intakes of fructose from industrialized foods and beverages containing beet or cane sugar/ molasses, corn sweeteners and invert syrup were defined as "added fructose (AF)". Since there are no databases for added sugar content of Iranian food products, the USDA database for added sugar was used to identify the added sugar contents of food items [20, 21] . The most commonly added sugar in Iranian food products is sucrose, while other sweeteners such as corn syrup are not commonly employed. Hence 50% of added sugar in food products was considered as fructose. Eventually the intakes of total fructose were calculated by summing up natural fructose and added fructose consumed.
Clinical and biological measurements
Trained interviewers collected information using a pretested questionnaire [14] . Weight was measured to the nearest 100 g with digital scales, while the subjects were minimally clothed without shoes. Height was measured to the nearest 0.5 cm, in a standing position without shoes, using a tape meter. Waist circumference was measured to the nearest 0.1 cm, at the umbilical level and that of the hip, at the maximum level, over light clothing, using an unstretched tape meter, without any pressure to the body. Body mass index was calculated as weight (kg) divided by square of the height (m 2 ). For blood pressure measurements, after a 15-minute rest in the sitting position, two measurements of blood pressure were taken, on the right arm, using a standardized mercury sphygmomanometer; the mean of the two measurements was considered as the participant's blood pressure. Fasting blood samples were taken after 12-14 h, from all study participants. Fasting plasma glucose was measured by the enzymatic colorimetric method using glucose oxidase. Triglyceride levels were measured by enzymatic colorimetric analysis with glycerol phosphate oxidase. High-density lipoprotein cholesterol (HDL-C) was measured after precipitation of the apolipoprotein B containing lipoproteins with phosphotungistic acid. Analyses were performed using Pars Azmon kits (Pars Azmon Inc., Tehran, Iran) and a Selectra 2 auto-analyzer (Vital Scientific, Spankeren, Netherlands). Inter-and intra assay coefficient of variation of all assays were < 5% [14] .
Metabolic syndrome definition
Metabolic syndrome was defined according to the diagnostic criteria proposed by NCEP ATP III, and new cutoff points of waist circumference for Iranian adults; it was characterized as having at least 3 of the metabolic abnormalities: 1) Fasting plasma glucose ≥ 100 mg/dL (5.6 mmol/ L) or drug treatment of hyperglycemia, 2) serum triglycerides ≥ 150 mg/dL (1.69 mmol/L) or drug treatment, 3) serum HDL-cholesterol < 40 mg/dL (1.04 mmol/L) for men, and < 50 mg/dL (1.29 mmol/L) for women or drug treatment, 4) blood pressure ≥ 130/85 mmHg or drug treatment for hypertension, and 5) waist circumference ≥ 95 cm for both sexes [22, 23] .
Statistical analysis
Statistical analysis was performed using SPSS (Version 16.0; Chicago, IL), with P values < 0.05 being considered significant. Differences in general characteristics of participants across quartiles of fructose intakes were compared using one-way analysis of variance or the Chi-square test. Age adjusted means for dietary intakes across quartiles of fructose, were determined by using the general linear model. Means of metabolic syndrome features were compared across quartiles of fructose intake by using general linear model with adjustment for age (categorized, 19-30, 31-40, 41-50, 51-60, 61-70; groups 1 to 5), physical activity (continuous), energy intake (kcal/ d), and smoking (yes or no). The associations between total dietary fructose and metabolic syndrome risk factors, as continuous variables, were determined by using multivariate linear regression model with adjustment for age (categorized), BMI (except for waist circumference and MetS), physical activity (in MET-h/wk), smoking (yes or no), energy intake (kcal/d), percentage of energy from fat, carbohydrate and simple carbohydrate (except fructose), total fiber intake (g/d), and also adjustment for current estrogen use (yes or no) and menopausal status (yes or no) in women. Also, the odds ratio of MetS and its component in each quartiles of total fructose intake was determined by using multivariable logistic regression model with adjustment for the abovementioned confounders. Since, the odds ratio, which was estimated from logistic regression models in cross sectional studies, is not a valid estimation in binary outcome variables with a high prevalence (> 10%), the adjusted odds ratios were corrected by the formula suggested by Zhang and Yu, for better estimation of the association [24, 25] . To assess the overall trends of odds ratios across increasing quartiles of total fructose intake, the median fructose intake of each quartile was used as a continuous variable in logistic regression models [26] .
Results
In this study, 45% and 55% of participants were men and women, with mean ages of 40.5 ± 13.6 and 38.6 ± 12.8 years, respectively. Mean dietary intakes of total fructose were 46.5 ± 24.5 g/d (NF: 19.5 ± 10.7 and AF: 26.9 ± 13.9) in men and 37.3 ± 24.2 g/d (NF: 18.6 ± 10.5 and AF: 19 ± 13.7) in women; these intakes were approximately 8 and 7 percent of the total energy intakes, in men and women respectively. Characteristics of the study participants across quartiles of total fructose intakes are presented in Table 1 . Participants in the highest quartile of fructose intakes were significantly older as compared with participants in the lowest quartile. Also, means of body mass index and the prevalence of metabolic syndrome were significantly increased across quartiles of dietary intakes of fructose in both sexes. No significant difference in smoking status and physical activity was observed across quartiles of fructose intakes. Age-adjusted means for dietary intakes across categories of dietary fructose are shown in Table 2 . Dietary intakes of carbohydrate (% of kcal), total sugar (% of kcal), natural and added fructose (% of kcal) and total dietary fiber (g/d) were significantly increased across quartile of total dietary fructose, whereas dietary fat intakes (% of kcal) were significantly decreased in both sexes. Mean intake of total dietary fructose in the 4 th quartile was 2.8 and 3.7 times higher as compared to the first quartile in men and women, respectively. The means of metabolic syndrome features across quartile of fructose intakes are provided in Figure 1 . After adjustment for age, energy intake, physical activity and smoking status, the mean of waist circumference across quartiles of fructose intakes were significantly increased (P trend = 0.03 and 0.007, in men and women, respectively). Also, dietary fructose intakes in men were positively associated with systolic (P trend = 0.02) and diastolic blood pressure (P trend = 0.013); in women, this association was observed only for systolic blood pressure (P trend = 0.04). There were no significant differences in serum fasting glucose, triglycerides and HDL-C across dietary fructose categories in men and women. The association between total dietary fructose and MetS components is presented in Table 3 . Total dietary fructose independently correlated with waist circumference, triglycerides, fasting blood gluocse, systolic and diastolic blood pressure, in both men and women. Compared with those in the lowest quartile of fructose intakes, men and women in the highest quartile, respectively, had 33% (95% CI, 1.15-1.47) and 20% (95% CI, 1.09-1.27) higher risk of the metabolic syndrome, after adjustment for potential confounding variables (Figure 2) . Also, men and women in the highest quartile of fructose intakes, respectively, had 39 and 20% higher risk for large waist circumference, 11 and 9% higher risk for hypertension, and both a 9% higher risk of impaired fasting glucose.
Discussion
In this study, the higher intake of dietary fructose was associated with the higher risk of MetS in adults, independent of confounding variables. It should be noted that, in our study the association between dietary fructose and metabolic syndrome and its components was observed only in the third and fourth quartiles of fructose intakes, approximately over 8 and 12% of energy intake (> 50 g/d); while dietary intake of fructose from natural sources including fruits and vegetables, even in the fourth quartile of fructose intakes was only 5% of energy, approximately 30 g/d. Thus, the increased risk of metabolic syndrome and its components may be attributed to increase fructose intake from industrialized foods.
To our knowledge, this is the first study to directly relate dietary fructose intake with the MetS, based on a large population, cross-sectional setting. Johnson and colleagues, in a recent review of animal studies and human clinical trials, proposed that excessive fructose intake, > 50 g/d may be one of the main etiologies of (% of carbohydrate) 7.7 ± 0.15 10.7 ± 0.15 13.8 ± 0.15 19.6 ± 0.15 < 0.001 5.6 ± 0.14 9.3 ± 0.14 12.8 ± 0.14 18.7 ± 0.14 < 0.001
26.4 ± 0.7 37 ± 0.7 48.7 ± 0.7 73.6 ± 0.7 < 0.001 17.0 ± 0.6 28.2 ± 0.6 40.4 ± 0.6 63.3 ± 0.6 < 0.001
1 Data are age-adjusted mean ± SEM 2 P values comparing dietary intake of participants across quartiles of fructose intake using linear regression model. 3 Dietary Simple carbohydrates includes sucrose, maltose, galactose, glucose, fructose, maltose. 4 Natural fructose in fructose-containing food such as fruits, vegetables, honey, etc. 5 Fructose content of industrialized foods and beverages containing beet or cane sugar/molasses, corn sweeteners and invert syrup the metabolic syndrome [27] . In the current study, mean intake of total fructose in men and women, was ≈ 8% and ≈ 7% of average energy intake. Dietary fructose from fruit, vegetable and other natural sources, was approximately, 40 and 60% of total fructose in men and women, respectively, while the rest was from beet and cane sugars, soft drink, fruit drink, cookies, candies, jams and bakery products. A recent report from the third National Health Examination Survey (NHANES) demonstrated that over 10% of energy intakes in US adults were from fructose [28] . In this study, dietary fructose intakes > 12% from energy were related to higher chances of having abdominal obesity, and increasing fructose intakes were associated with an increase in body mass index. Findings in line with the results of studies in rats indicating that high fructose diet increased lipogenesis, fat storage, and leptin resistance [29] [30] [31] . Administration of 25% fructose diet in overweight and obese subjects for 10 weeks increased intra-abdominal fat storage [7] . Compared with other carbohydrates, mechanisms by which fructose may cause weight gain could be that, fructose increases hunger rating and energy intake, does not stimulate insulin and postprandial leptin levels and inhibits secretion of orexigenic hormone ghrelin, as satiety signals to the brain [32] . Fructose also up regulates de novo lipogenesis in human [7] . The results from epidemiological studies are inconsistent; in a prospective study, consumption of ≥ 1 soft drink per day was associated with increased risk of developing obesity and waist circumference [33] . In another study, this correlation was not found among preschool children [34] . In this study, participants with the highest intakes of fructose had higher risk of impaired fasting glucose. Although fructose does not stimulate insulin secretion, it induced impaired fasting glucose by insulin resistance in the liver and adipose tissue [35, 36] . In humans, high doses of fructose decreased insulin sensitivity and glucose tolerance in older, overweight and obese subjects, whereas lower doses did not in young, normal weight Figure 2 Multivariate odds ratio and 95% confidence interval for the metabolic syndrome and its components across quartiles of fructose intake. Logistic regression models were used with adjustment for age, physical activity, body mass index, smoking status, energy intake, dietary intake of carbohydrate, fat, simple carbohydrate (except fructose), fiber, and additionally adjusted for current estrogen use and menopausal status in women. Total dietary fructose intakes (g/1000 kcal/d) in 1 th , 2 th , 3 th and 4 th quartiles were ≤ 13.3, 13.4-17.5, 17.6-23.7, and > 23.7 in men, and ≤ 10.3, 10.4-15.2, 15.3-20.8, and > 20.8 in women. To assess the overall trends of odds ratios across increasing quartiles of total fructose intake, the median fructose intake of each quartile was used as a continuous variable in logistic regression models. men; however fructose caused a 5.5% increase in fasting glucose concentration in these subjects [7, 37] . A large cross-sectional study showed that the highest quintile of fructose intake had 13.9% higher C-peptide levels, as a risk factor for insulin resistance [38] .
In the present study, fructose intakes > 72 and 63 g/d in men and women were associated with 11 and 9% increased risk of hypertension, respectively. In one study, administration of 200 g/d fructose in healthy adults significantly increased systolic and diastolic blood pressure [39] . In the Framingham Heart Study, consumption of soft drinks increased risk of hypertension [33] . Furthermore, recent data from a cross-sectional study demonstrated that high fructose intake in the form of added sugar was associated with higher blood pressure levels in adults [40] . Some studies proposed that hypertension-induced effects of fructose may be related to the ability of fructose to increase serum uric acid and enhance reabsorption of salt and water in the small intestine and kidney [41, 42] . However in a recent cross-sectional study, no association was found between dietary fructose and risk of hyperuricemia in adults [21] . Also, blood pressure did not change with the high consumption of fructose over the course of the 10 week intervention period [7] .
The current study showed that there were no significant associations between fructose intake and fasting serum triglycerides, and HDL-cholesterol. Excessive fructose intake for 2 weeks in healthy subjects resulted in hypertriglyceridemia and decreased HDL-cholesterol levels (39) . Stanhope et al showed that administration of a diet with 25% fructose for 10 weeks did not change fasting TG concentrations, but increased postprandial de novo lipogenesis and TG concentrations, fasting and postprandial apo B and LDL-C concentrations in overweight and obese subjects [7] . However results from a recent meta-analysis, suggested that dietary fructose intakes less than 50 g/d had no adverse effect on fasting and postprandial triglycerides [43] . Although, in an observational study of overweight children, no association was observed between fructose consumption and HDL, LDL, total cholesterol and triglyceride concentrations, fructose intake was a significant predictor of LDL particle size as an atherogenic risk factor [44] . More observational studies need to be conducted on the association between usual intakes of fructose and lipid profiles among adults.
One limitation of this study is the use of an FFQ for collecting dietary data. Also total fructose intake was estimated approximately, because of a lack of fructose content data for many food items. In addition, this is a cross sectional study which limits ability to determine causality between dietary fructose intake, MetS and its components.
In conclusion, in this study, higher dietary fructose intake was significantly associated with the increased risk of metabolic syndrome and some of its risk factors including abdominal obesity, hypertension and impaired fasting glucose in adults, even after adjustment for demographic, anthropometric and dietary intakes.
